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ABSTRACT 
The perceptual evaluation of hypernasality has been investigated using various scaling 
methods, including equal-appearing interval (EAI) scaling, direct magnitude estimation 
(DME) and visual analogue (VA) scaling. However, there have been no studies where DME 
and VA scaling are directly compared. The first purpose of the current study was to compare 
DME and VA scaling in the perceptual judgment of hypernasality. The second purpose was 
to compare ratings obtained from Cantonese and English listeners. Connected speech samples 
from twenty children with varying degrees of hypernasality were rated by twenty native 
Cantonese-speaking and ten native English-speaking university students using DME-without-
modulus and VA scaling. There was a high correlation between the severity ratings obtained 
from the two methods. Reliability values of the two methods were similar and relatively high. 
There was no significant effect of listeners’ language on reliability values and severity ratings. 
It was concluded that both methods were valid and reliable for perceptual judgment of 
hypernasality. Research and clinical implications are discussed. 
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INTRODUCTION 
Hypernasality is defined as an excessive amount of perceived nasal resonance due to 
the coupling of the nasal cavity and the oral cavity during speech production (Boone & 
McFarlane, 1994). Anatomical insufficiency and neuromuscular incompetence of the 
velopharyngeal valving mechanism are the main causes of hypernasality (Dworkin, Marunick 
& Krouse, 2004). This speech disorder may be found in individuals with structural anomalies 
(e.g. palatal cleft), neuropathology (e.g. dysarthria), hearing loss and individuals following 
surgeries such as adenoidectomy, tonsillectomy, palatectomy and pharyngectomy (Dworkin 
et al., 2004; Stewart, Ahmad, Razzell & Watson, 2002). In order to effectively evaluate 
hypernasality, it is necessary to devise reliable and valid methods to measure and classify 
different degrees of this speech quality, so that appropriate intervention can be formulated 
and treatment efficacy can be accurately documented. 
Hypernasality is often evaluated clinically using perceptual methods. Although 
instrumental methods are also available, such as the Nasometer, the NasalView and the 
OroNasal System (Bressmann, Klaiman & Fischbach, 2005), these methods do not measure 
hypernasality directly. Since hypernasality is essentially a perceptual quality, perceptual 
methods of evaluation remain the ‘gold standard’. 
A collection of literature has investigated the perceptual evaluation of hypernasality 
using various methods, including equal-appearing interval (EAI) scaling, direct magnitude 
estimation (DME) and visual analogue (VA) scaling (Cheung, 2004; Lee, 2005; Whitehill, 
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Lee & Chun, 2002; Zraick & Liss, 2000). EAI scaling refers to the method in which 
observers place each stimulus along a linear partition of the continuum of the quality being 
investigated (Schiavetti, 1992). VA scaling refers to the method in which observers place a 
mark, in proportion to the perceived magnitude of each stimulus, along a straight line (usually 
10cm long) with fixed and predefined extremes of the quality being measured (Eadie & 
Doyle, 2002; Wewers & Lowe, 1990). DME refers to the method in which observers assign a 
value of perceived magnitude to each stimulus in relation to the first presented stimulus 
which is usually assigned a value of 100 (Engen, 1971). For instance, if the magnitude of a 
speech attribute of a stimulus is perceived to be twice as high as the first stimulus, it is 
assigned a value of 200. Likewise, if the magnitude is judged to be half as high as the first 
stimulus, it is assigned a value of 50 (Engen, 1971). Unlike VA scaling, the endpoints of the 
continua are not specified in DME (Eadie & Doyle, 2002). Observers can decide on the range 
of numbers to be used in the rating. DME is further classified into DME-with-modulus 
(DME-M), DME-without-modulus (DME-WM), and DME-with-free-modulus (DME-FM). 
In DME-M, listeners are given a standard stimulus, or modulus, with a pre-assigned value. 
Listeners then assign values to subsequent stimuli in proportional to the modulus value. In 
DME-WM, a modulus is not given and listeners have to assign the first stimulus a value and 
use it as a reference (Schiavetti, 1992). In DME-FM, a modulus is provided without a pre-
assigned value. Listeners first assign the modulus a value before rating subsequent stimuli in 
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proportional to the modulus. In a recent study, DME-WM yielded higher intra-rater reliability 
than DME-M in the perceptual rating of hypernasality (Whitehill et al., 2002). 
Although there are various methods available for perceptual rating, the correct choice 
depends on the properties of each method and the nature of the perceptual dimension to be 
evaluated. Stevens (1974) suggested there are two types of perceptual continua. They are 
prothetic continua and metathetic continua. A prothetic continuum is quantitative and 
additive in nature. Loudness is a typical example of prothetic continua. It is best scaled using 
DME because a prothetic continuum cannot be subdivided into equal intervals. A metathetic 
continuum is qualitative and substitutive in nature. Pitch is a typical example of metathetic 
continua, and can be judged using either DME or EAI scaling. 
In particular, hypernasality has been shown to be prothetic (Whitehill et al., 2002; 
Zraick & Liss, 2000), and the use of EAI scaling in the evaluation of hypernasality has 
therefore been questioned. One of the problems of using interval scaling for prothetic 
qualities is that observers do not always treat the scale as equal intervals (Stevens, 1974). 
Ratio scales, then, appear to be more appropriate as a scaling method for hypernasality. 
Comparisons have been attempted between DME and EAI scaling in the perceptual 
evaluation of hypernasality (Whitehill et al., 2002; Zraick & Liss, 2000), and between VA 
and EAI scaling (Kreiman, Gerratt, Kampster, Erman & Berke, 1993; Yiu & Ng, 2004) in 
perceptual voice evaluation. Given the fact that EAI scaling was shown not to be a valid 
method for rating hypernasality, research should focus on comparing DME and VA scaling. 
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DME is considered as a ratio scale since it allows listeners to give each stimulus a 
value proportional to the perceived ratios between that stimulus and another defined stimulus 
(Engen, 1971). Little literature has addressed the level of measurement represented by the 
VA scale, which has been an increasingly controversial issue. Existing opinions are 
contradictory. Wuyts, De Bodt, and Van de Heyning (1999) investigated the perceptual 
measurement of dysphonia and believed the VA scale was similar to the EAI scale except for 
the absence of distinct marks along the scale. However, Price, McGrath, Rafii, and 
Buckingham (1983) suggested that the VA scale can function as a ratio scale in the 
measurement of chronic and experimental pain. 
Both DME and VA scaling have their own strength and weakness. DME ‘avoids all 
restrictions and encourages the observer to assign numbers he feels are appropriate without 
any biase’ (Engen, 1971, p.73), whilst in VA scaling listeners’ ratings are restricted by the 
two extremes of the scale. Nonetheless, DME requires a modulus or an additional score-
equalisation procedure which renders its use inconvenient. More importantly, this method 
assumes that observers are able to match numbers to their perception (Engen, 1971), which is 
not always easy. By comparison, VA scaling is relatively easy to use and rating results are 
readily available without the need for further processing. 
Previous studies have investigated the intra-rater (test-retest) reliability of the two 
scaling methods. Yiu & Ng (2004) studied the perceptual evaluation of roughness and 
breathiness using VA scaling and obtained intra-rater reliability values ranging from 0.49 to 
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0.57 for roughness and from 0.54 to 0.66 for breathiness. As for DME, intra-rater reliability 
values ranged from 0.62 to 0.98 for severity and from 0.50 to 0.99 for naturalness in Eadie & 
Doyle’s (2002) study of tracheoesophageal speech. Whitehill et al. (2002) used connected 
speech as stimuli and obtained a reliability value of 0.67 and 0.95 respectively for DME-M 
and DME-WM. Cheung (2004) used DME-M and obtained intra-rater reliability values 
ranging from 0.59 for vowels to 0.79 for sentences. Lee (2005) compared the hypernasality 
ratings of Putonghua and Cantonese speech stimuli and obtained values from 0.88 for 
Putonghua connected speech samples to 0.99 for vowels. 
Apart from intra-rater reliability, inter-rater reliability is also an important 
measurement which indicates how closely raters agree with one another on the ratings. For 
VA scaling, different studies obtained different inter-rater reliability values. In one study by 
Wuyts et al. (1999) comparing a four-point ordinal scale and a VA scale in the perceptual 
evaluation of dysphonia, VA scaling was shown to demonstrate lower inter-rater reliability 
due to higher freedom in judgment. In another study by Yiu & Ng (2004) comparing EAI and 
VA scaling in the perceptual rating of roughness and breathiness, comparable inter-rater 
reliability values were found. Both studies investigated the rating of voice parameters but not 
hypernasality. As for DME, various studies concerning perceptual hypernasality judgment 
have obtained relatively high inter-rater reliability. Whitehill et al. (2002) used connected 
speech stimuli and obtained an inter-rater reliability value of 0.94 and 0.90 respectively for 
DME-M and DME-WM. Zraick & Liss (2000) obtained an inter-rater reliability of 0.82 for 
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vowels using DME-M. Cheung (2004) used DME-M and obtained a value of 0.76, 0.91 and 
0.96 respectively for vowels, single words, and connected speech. No previous studies, 
however, compared direct magnitude estimation and VA scaling. The current study thus 
aimed at comparing DME and VA scaling in the perceptual rating of hypernasality in terms 
of severity ratings and reliability values. 
The second focus of the current study was to find out whether there was any cross-
linguistic difference in the perceptual rating of hypernasality between two groups of listeners 
who had Cantonese and English as their native language respectively. It was believed that 
hypernasality perception of speech of individuals with cleft palate was language-dependent, 
and was influenced by the phonetic characteristics of a listener’s language (Hutters & 
Henningsson, 2004). Studies in voice disorders (Yamaguchi, Shrivastav, Andrews & Niimi, 
2003) have investigated listener’s language as a variable. However, only a limited number of 
studies in hypernasality have addressed this issue. For example, Hartelius, Theodoros, Cahill 
and Lillvik (2003) compared English and Swedish as two different listeners’ languages as 
well as speakers’ languages and obtained high inter-rater reliability in the rating of a list of 
speech characteristics of individuals with multiple sclerosis. Lee (2005) compared Cantonese 
and Putonghua as two different listeners’ languages as well as speakers’ languages using 
simulated hypernasal speech stimuli and found that Putonghua listeners provided 
significantly higher hypernasality ratings than Cantonese listeners for both sustained vowels 
and connected speech. Lee (2005) suggested that listeners’ familiarity with a particular 
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language could also be a possible factor influencing hypernasality judgment of that language. 
It is worthwhile to investigate this cross-linguistic issue in hypernasality judgment so that 
more information can be obtained concerning whether hypernasality judgment is affected by 
listeners’ language background. Further research on the most suitable scaling method for 
hypernasality evaluation may then be developed. 
In summary, the current study sought to answer the following two questions: 
1. Is there any significant difference between DME and VA scaling in the perceptual rating 
of hypernasality, as judged from severity ratings and reliability values? 
2. Is there any significant difference between native Cantonese-speaking and native English-
speaking listeners in the perceptual rating of hypernasality, as judged from severity 
ratings and reliability values? 
Since perceptual means of evaluation remains the ‘gold standard’ in hypernasality 
judgment, it is important to dedicate effort to explore which scaling method is most suitable 
in rating hypernasality. The current study was an extension of previous work by Whitehill et 
al. (2002), which was part of the work aiming at systematically investigating the reliability 
and validity of different scaling methods commonly used in evaluating speech disorders. It 
was hoped that the current study would give more insights about the appropriateness of the 
two scaling methods under question as a means of evaluating hypernasality. 
 
 
 10 
METHOD 
Participants 
Thirty listeners (age range = 19 to 32 years; mean age = 22.0 years) participated in the 
current study on a voluntary basis. A written consent form was signed (Appendix A) by each 
listener. Ten listeners were native English-speaking first-year speech-and-language-pathology 
graduate students from the University of Wyoming. The other twenty were native Cantonese-
speaking. Half of these twenty listeners were current speech-and-language-pathology students 
from the University of Hong Kong, whist the other half were from other majors. All listeners 
were considered to be naïve and had no or little prior experience in perceptual evaluation of 
hypernasality. Naïve listeners were preferred since they had no formal exposure to 
pathological voices and lacked specific internal standards for judging hypernasality (Kreiman, 
Gerratt, Precoda & Berke, 1992). All listeners passed a pure-tone audiometry screening at 
25dB HL at octave frequencies from 250Hz to 8000Hz. Table 1 summarises the listeners’ 
demographic characteristics. The grouping of the 30 listeners was shown. The order of the 
tasks performed by each listener was also included. 
Speech materials 
The speech materials were extracted from a database of the University of Wyoming. 
The original collection contained eleven English sentences produced by each of 448 children. 
Twenty of these child speakers were selected in the current study. The selection of the 
speakers was based on several criteria: First, they included roughly equal number of males  
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Table 1 
Demographic characteristics of the thirty participants, composition of the three experimental 
groups and order of tasks of each participant 
Group Name Age Sex 
Native 
language
First 
rating task
Second 
rating task
Major 
1 WHK 20 M Cant. DME-WM VA Non-SLP student 
1 SYY 20 F Cant. DME-WM VA Non-SLP student
1 WKW 20 F Cant. DME-WM VA Non-SLP student
1 WS 19 F Cant. DME-WM VA Non-SLP student
1 LTL 19 F Cant. DME-WM VA Non-SLP student
1 NWY 19 F Cant. DME-WM VA SLP student 
1 SPL 20 F Cant. DME-WM VA SLP student 
1 CWY 19 F Cant. DME-WM VA SLP student 
1 CWC 19 F Cant. DME-WM VA SLP student 
1 MLN 20 F Cant. DME-WM VA SLP student 
2 CTL 21 F Cant. VA DME-WM Non-SLP student 
2 CHW 20 M Cant. VA DME-WM Non-SLP student 
2 CNS 29 F Cant. VA DME-WM Non-SLP student
2 FKW 30 M Cant. VA DME-WM Non-SLP student
2 LCY 20 F Cant. VA DME-WM Non-SLP student
2 SWG 20 F Cant. VA DME-WM SLP student 
2 CML 20 F Cant. VA DME-WM SLP student 
2 LHY 20 F Cant. VA DME-WM SLP student 
2 TKH 23 M Cant. VA DME-WM SLP student 
2 FMC 23 M Cant. VA DME-WM SLP student 
3 GA 23 F Eng. VA n/a SLP student 
3 GS 23 F Eng. VA n/a SLP student 
3 MJ 23 F Eng. VA n/a SLP student 
3 SG 22 F Eng. VA n/a SLP student 
3 BS 32 F Eng. VA n/a SLP student 
3 WA 22 F Eng. VA n/a SLP student 
3 DC 23 F Eng. VA n/a SLP student 
3 SS 24 F Eng. VA n/a SLP student 
3 WK 24 F Eng. VA n/a SLP student 
3 RE 24 F Eng. VA n/a SLP student 
Note: Cant. – Cantonese; Eng. – English; SLP – Speech and language pathology. 
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and females (nine males and eleven females). The speakers aged from 5 to 14 years (mean 
age = 9.6 years). Second, all speakers had cleft palate and no syndrome associated with cleft 
palate. Third, they were selected to represent varying degrees of hypernasality, which ranged 
from a perceptual rating of 1 (i.e. normal resonance) to 7 (i.e. severe hypernasality). Fourth, 
none of them had hyponasality. Finally, all speakers’ articulation was controlled for. 
Speakers with poor articulation ratings were excluded. Their articulation was rated on a 
seven-point scale by Dr. David Jones. Table 2 summarises the details of the twenty speakers. 
Mean VA ratings and mean equalised DME-WM scores for each speaker obtained from the 
listeners in the current study were also shown in the table. 
Five sentences (ranging from seven to ten syllables) were selected from each speaker 
(Appendix B), resulting in a total of 100 speech stimuli. Each of the five sentences included 
fricatives, nasals, and stops. Other sentences produced by the speakers were excluded as they 
were not produced by all of them. The speech production task was done as a repetition task 
for some younger speakers as they were not able to read fluently. Connected speech samples 
were chosen because they were more typical speech behaviours compared to samples of 
isolated vowels or single words and generalisation of results to real speech was possible 
(Hammarberg, Fritzell & Schiratzki, 1984; Whitehill et al., 2002). 
Listening tasks 
All listeners received a short familiarisation session less than one week prior to the 
listening tasks. The session aimed at familiarising them with the concept of hypernasality. To 
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Table 2 
Details of the twenty speakers, their articulation, hypernasality and hyponasality ratings 
given by Dr. Jones, and mean VA and DME-WM hypernasality ratings given by listeners 
Speaker Age Sex Hyper.* Hypo.* Artic.* VA DME-WM# 
1 8 F 1 0 1 2.17 203.76 
2 11 M 1 0 2 1.94 155.96 
3 11 M 1 0 2 1.33 128.14 
4 8 M 2 0 2 2.36 237.42 
5 12 M 2 0 1 2.05 211.58 
6 11 F 2 0 1 0.93 96.56 
7 5 F 3 0 3 2.32 218.70 
8 11 F 3 0 1 2.15 182.20 
9 14 F 3 0 3 3.11 299.04 
10 5 M 4 0 3 5.84 426.08 
11 11 F 4 0 2 4.67 362.30 
12 8 F 4 0 1 3.37 281.40 
13 14 M 5 0 2 5.61 383.98 
14 8 M 5 0 4 6.37 465.98 
15 10 F 5 0 5 7.07 489.94 
16 8 M 6 0 5 7.17 470.22 
17 5 M 6 0 3 6.80 491.08 
18 10 F 6 0 2 6.19 466.60 
19 12 F 7 0 5 7.03 501.38 
20 10 F 7 0 5 8.65 599.02 
Note: Hyper. – Hypernasality; Hypo. – Hyponasality; Artic. – Articulation;  
VA – mean VA ratings given by listeners; DME-WM – mean DME-WM scores given by listeners. 
*These parameters were rated on a seven-point scale by Dr. Jones of the University of Wyoming. 
#DME-WM scores after equalisation 
 
do so, the definition of hypernasality was given. Factors affecting the perception of 
hypernasality were listed. Audio speech samples of a full range of hypernasality were played. 
These samples were obtained from <http://www.acpa-cpf.org/EducMeetings/education.htm>, 
and were produced by adult speakers. A modified version of the Microsoft PowerPoint 
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presentation, prepared by Lee (2005), was used for the familiarisation session with 
permission. To ensure all listeners were delivered the same message irrespective of their 
physical location and background, the presentation was written in English and professional 
terminology was avoided. 
The thirty listeners were divided into three groups of ten (Table 1). The first two 
groups consisted of native Cantonese-speaking listeners only. There were five speech-and-
language-pathology students and five non-speech-and-language-pathology students in both 
groups. They were arranged to rate the speech stimuli using both DME and VA scaling. The 
two rating tasks were carried out in two different sessions separated by an interval of about 
one week. The third group was composed of native English-speaking listeners only, and rated 
the speech stimuli using VA scaling only. 
All rating tasks were completed in a quiet sound-treated booth. The speech stimuli 
were presented binaurally through an Audio-Technica ATH-T2 headphone to Cantonese 
listeners and a Sennheiser HD-435 headphone to English listeners. Each of the 100 speech 
stimuli was repeated once in order to assess intra-rater reliability. As a result, listeners rated 
200 stimuli in each session. The order of presentation of the speech stimuli was randomised 
by E-prime for DME and Research Randomizer from <http://www.randomizer.org> for VA 
scaling. Listeners could choose to replay each stimulus once. Written instructions adapted 
from Engen (1971) were provided for both rating methods prior to the corresponding 
listening task (Appendix C for DME and Appendix D for VA scaling). Listeners were asked 
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to ignore any articulation errors and disordered voice qualities in the stimuli. Each rating 
session lasted for about 35 minutes. 
For direct magnitude estimation, the DME-without-modulus (DME-WM) version was 
employed. The program was written and run using E-prime. Listeners were instructed to 
assign a positive non-zero value to the first stimulus and rate all subsequent stimuli in relation 
to the first stimulus. Assigning a stimulus a value higher than that of the first stimulus 
indicated that stimulus was perceived by the listener as more hypernasal. Likewise, assigning 
a stimulus a lower value indicated that stimulus was perceived as less hypernasal. The first 
stimulus was replayed after every five stimuli during the rating task to prevent failure in 
recalling it, causing a shift in the listeners' internal standard for rating (Kreiman et al., 1993). 
Various studies have employed different replay schedules. Whitehill et al. (2002) repeated the 
modulus sample after every four stimuli. Eadie & Doyle (2002) repeated it after every five 
stimuli, whilst Zraick & Liss (2000) repeated it after every ten. The decision of repeating the 
first stimulus after every five stimuli in the current study took account of the relatively large 
number of speech stimuli in the rating task and also the naiveté of the listeners. For VA 
scaling, the program was written and run using Microsoft Excel. Listeners were shown a 10-
cm horizontal scroll bar, the left end of which indicated normal resonance and the right end 
indicated severe hypernasality. Listeners were asked to rate each speech stimulus by dragging 
the pointer to any position on the horizontal bar according to its perceived magnitude of 
hypernasality. 
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RESULTS 
In order to address the two research questions in the current study, hypernasality 
ratings and reliability values of the two scaling methods were used as the main outcome 
measures. The aims and results of each of the statistical analyses performed are summarised 
as follow: 
Hypernasality ratings 
Before statistical analysis, an equalisation procedure devised by Engen (1971) was 
used to equalise the raw DME-WM scores from different listeners. This was necessary since 
the number assigned by each listener to the first stimulus may have been different. Different 
listeners may also have worked with different ranges of number during the rating task (Engen, 
1971). Table 3 shows the mean, standard deviation and range of the severity ratings obtained 
from equalised DME-WM scores and VA ratings in the three experimental conditions. 
Table 3 
Mean, standard deviation and range of severity ratings of the three conditions 
Scaling method Listener’s language Mean Standard deviation Range 
VA scaling Cantonese (N=20) 4.4 3.4 0.0 – 10.0 
English (N=10) 4.5 3.2 0.0 – 10.0 
DME-WM Cantonese (N=20) 333.6* 150.1* 58.9 – 628.7* 
*Equalised DME-WM scores 
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In order to determine whether there was any significant difference in the severity 
ratings given by the ten Cantonese speech-and-language-pathology students and the ten 
Cantonese students from other majors, a t-test for independent samples was conducted. Each 
group’s mean ratings of each speech sample were used for comparison. There was no 
significant main effect between the two groups in equalised DME-WM scores (t (198) = 0.88, 
p > 0.05) or VA ratings (t (198) = 1.04, p > 0.05). In other words, severity ratings given by 
speech-and-language-pathology students were not significantly different from those by non-
speech-and-language-pathology students using both scaling methods. Because of this, the two 
experimental groups were treated as homogenous in subsequent statistical analyses. 
In order to determine whether there was any significant difference in the severity 
ratings given by the ten native English-speaking listeners and the twenty native Cantonese-
speaking listeners using VA scaling, a Mann-Whitney U test was conducted. A non-
parametric test was employed since the number of listeners in the two groups was not equal. 
The group’s mean ratings of each speech sample were used for comparison. No significant 
main effect was found in the VA ratings between Cantonese listeners and English listeners (U 
= 9589, p > 0.05). In other words, the two groups of listeners did not give significantly 
different ratings in hypernasality judgment of the speech samples. 
In an attempt to study the relationship between the equalised DME-WM scores and 
the VA ratings for the speech samples, regression analyses were carried out to determine 
whether the correlation between the two sets of ratings could be accounted for by a linear or 
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curvilinear relationship. Ratings of the speech samples using the two scaling methods were 
plotted against each other. Arithmetic means of the VA ratings were used whilst geometric 
means of the equalised DME-WM scores were used for the analysis. Geometric mean is 
preferred for DME-WM as the distribution of judgments is assumed to be log normal and 
may occasionally contain unusually high numbers (Engen, 1971). 
 
Figure 1 
Arithmetic means of VA ratings plotted against geometric means of equalised DME-WM 
scores and line and curve of best fit 
 
 
 19 
Figure 1 shows the VA ratings plotted against the equalised DME-WM scores. The 
line and curve of best fit are also shown. Table 4 shows the ANOVA table of the line and 
curve of best fit for the ratings. Both the linear and curvilinear model yielded a high 
correlation between the two sets of ratings (r = 0.97). All analyses showed statistically 
significant F ratios (p < 0.0001). 
Table 4 
Analysis of variance table for comparison of linear and curvilinear models for VA ratings 
regressed on equalised DME-WM scores 
Source df Sum of squares Mean square F 
Regression 1 556.71 556.71 1645.60 (p < 0.0001) 
Residuals 98 33.15 0.34  
r = 0.97, r2 = 0.94, Line of best fit: y = 0.0157x – 0.8878 
Regression 2 558.01 279.00 849.53 (p < 0.0001) 
Residuals 97 31.86 0.33  
r = 0.97, r2 = 0.95, Curve of best fit: y = (5.6805 x 10-6)x2 + 0.0119x – 0.3787 
 
In order to decide whether the linear or the curvilinear model best described the 
relationship between the two sets of ratings, r2 values, which represent the proportion of 
variance accounted for by the models, were examined (Yiu & Ng, 2002). Only a slightly 
higher proportion of variance was accounted for by the curvilinear model than the linear 
model (r2 = 0.94 for linear model and r2 = 0.95 for curvilinear model). 
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Inter-rater reliability 
In order to determine how closely listeners agreed with one another on the 
hypernasality ratings, the intraclass correlation coefficient (type 3,k; equivalent to Cronbach’s 
alpha) was calculated. It reflected the overall coherence of an entire group of listeners (Shrout 
& Fleiss, 1979). Table 5 shows the inter-rater reliability value of the three experimental 
conditions. The values were similar across different conditions, and varied from 0.92 for 
Cantonese listeners’ equalised DME-WM scores to 0.96 for Cantonese listeners’ VA ratings. 
Table 5 
Inter-rater reliability value (ICC; 3,k) of the three conditions 
Scaling method VA scaling DME-WM 
Listeners’ language Cantonese (N=20) English (N=10) Cantonese (N=20) 
ICC (3,k) 0.96 0.95 0.92 
 
Intra-rater reliability 
All speech samples were rated twice by each listener using both scaling methods. This 
aimed at determining which method yielded higher intra-rater reliability. Pearson’s product-
moment correlation r was calculated for each listener’s first and second ratings of the same 
speech stimulus. In the calculation of intra-rater reliability, raw DME-WM scores were used 
instead of equalised scores since the calculation aimed at comparing agreement of ratings 
within each listener and no comparison between listeners was made. 
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Table 6 summarises the mean, standard deviation and range of the intra-rater 
reliability value of the three experimental conditions. The values were similar across different 
conditions. 
Table 6 
Mean, standard deviation and range of intra-rater reliability value of the three conditions 
Scaling method VA scaling DME-WM 
Listeners’ language Cantonese (N=20) English (N=10) Cantonese (N=20) 
Mean 0.78* 0.76* 0.79* 
Standard deviation 0.08 0.09 0.07 
Range 0.54 – 0.92 0.54 – 0.88 0.67 – 0.93 
*p < 0.001. 
 
In order to determine whether there was any significant difference in the intra-rater 
reliability between DME-WM ratings and VA ratings given by the twenty native Cantonese-
speaking listeners, a t-test for matched samples was performed. There was no significant 
main effect found in the intra-rater reliability (t (19) = 0.94, p > 0.05). In other words, the 
intra-rater reliability of the Cantonese listeners’ DME-WM ratings did not significantly differ 
from that of their VA ratings. 
In order to determine whether there was any significant difference in the intra-rater 
reliability using VA scaling between the twenty native Cantonese-speaking listeners and the 
ten native English-speaking listeners, a Mann-Whitney U test was performed. A non-
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parametric test was employed since the number of listeners in the two groups was not equal. 
There was no significant main effect in the intra-rater reliability (U = 89, p > 0.05). In other 
words, the two groups of listeners did not demonstrate significantly different intra-rater 
reliability in hypernasality judgment using VA scaling. 
 
DISCUSSION 
Comparison between DME-WM and VA scaling 
The first purpose of the current study was to compare DME-WM and VA scaling in 
the perceptual evaluation of hypernasality. The intra-rater reliability of DME-WM was found 
to be high (r = 0.79) and was similar to values obtained in previous studies (Cheung, 2004; 
Lee, 2005; Whitehill et al., 2002). The intra-rater reliability of VA scaling (r = 0.76 for 
English listeners; r = 0.78 for Cantonese listeners) was found to be similar to that of DME-
WM in the current study. No previous study has focused on reliability values of hypernasality 
judgment using VA scaling. The findings of the current study suggested that DME-WM and 
VA scaling are similar to each other in hypernasality judgment as far as intra-rater reliability 
is concerned. As for inter-rater reliability, values for both scaling methods were similar and 
were generally high, ranging from 0.92 to 0.96. This gave support to the findings by 
Whitehill et al. (2002), and reflected the fact that listeners generally agreed with each other’s 
ratings quite well in the judgment of hypernasality using both methods. 
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Note that since scaling data such as severity are usually used as group mean ratings 
for research purposes, group reliability coefficients are more descriptive than reliability 
coefficients of individual listeners. The current results should therefore be generalised to 
individual clinical judgments with care (Metz, Schiavetti & Sacco, 1990). 
The nature of VA scaling has been controversial. Some researchers concluded that it 
is an interval scale (Wuyts et al., 1999) whilst other researchers claimed that it is a ratio scale 
(Price et al., 1983; Yiu & Ng, 2004). Whitehill et al. (2002) and Zraick and Liss (2000) 
plotted EAI ratings against DME scores and obtained a significant curvilinear relationship, 
which indicated that the two scaling methods were different in nature, and EAI scaling was 
not valid as a method for hypernasality judgment. In the current study, the relationship 
between DME-WM and VA scaling was explored. The high correlation (r = 0.97) between 
the two sets of severity ratings suggested that the two scaling methods were used in a similar 
fashion in the perceptual rating of hypernasality. Moreover, the curvilinear model did not 
appear to account for a much higher proportion of variance than did the linear model. In 
conclusion, VA scaling appears to be different from EAI scaling in that it appears to function 
as a ratio scale rather than an interval scale. This supported the findings by Price et al. (1983) 
who claimed the VA scale to be a ratio scale. These preliminary results suggested that VA 
scaling is a valid method for the scaling of prothetic continua such as hypernasality. 
Judging from reliability values and severity ratings, it is evident that the two scaling 
methods concerned in the current study were similar to each other in reliability and validity. 
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DME has been shown to be a valid method for hypernasality judgment (Whitehill et al., 2002; 
Zraick & Liss, 2000). Based on the results of the current study, VA scaling is concluded to be 
another valid alternative. The final selection between the two choices depends largely on such 
factors as convenience of use and simplicity of analysis. DME is a more time-consuming 
method due to the need for score equalisation. VA scaling, in contrast, is relatively simple to 
use both during the rating task and subsequent processing of raw data. The author of the 
current study thus prefers visual analogue scaling to direct magnitude estimation as a means 
of evaluating hypernasality for clinical and research purposes. 
Comparison between Cantonese and English listeners’ ratings 
The second aim of the current study was to compare two groups of listeners with 
different language background in the perceptual rating of hypernasality. No significant 
difference was found either in the severity ratings or reliability values between native 
Cantonese-speaking and English-speaking listeners. The results were different from the 
findings by Lee (2005), who compared Cantonese and Putonghua as two different listeners’ 
and speakers’ languages and obtained significantly higher ratings from Putonghua listeners. 
In Lee’s (2005) study, the characteristics of the phonology of the two language 
systems were compared. Lee (2005) proposed that the existence of sociolinguistic variations 
in Cantonese reduced native Cantonese-speaking listeners’ ability in distinguishing between 
nasal and non-nasal consonants. In the current study, English and Cantonese were compared. 
Unlike Lee’s (2005) findings, no significant difference in severity ratings was found between 
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the two groups. In both Cantonese and English phonology, there are three nasal consonants 
(i.e. /m/, /n/, and /ŋ/). However, the velar nasal consonant /ŋ/ is optionally deleted in word-
initial positions in Cantonese whilst this is not the case for English. Moreover, the alveolar 
initial consonants /n/ and /l/ are produced with contrast in English (Brinton, 2000). In 
Cantonese, the initial /n/ is optionally realised as its nonnasal cognate /l/. Following Lee’s 
(2005) argument, these sociolinguistic variations in Cantonese should have caused 
differences in ratings of the two listener groups. The absence of significant difference in the 
ratings may have been caused by another factor, namely familiarity of the speakers’ language. 
The Cantonese listeners recruited in the current study were university students who had daily 
exposure to English language. They were familiar with the language which was considered as 
a second language in Hong Kong because of its colonial history. As a result, the Cantonese 
listeners were also familiar with English language, resulting in similar hypernasality 
judgment of the English sentences. 
Concluding the current study, there are several directions for future research. First, 
studies can be designed to employ speech samples of a language naïve to both groups of 
listeners in order to eliminate any familiarity effect. Second, research can be extended to 
other speakers’ languages. The current study employed English speech samples. Cantonese 
and Putonghua, two commonly used languages in Hong Kong, can also be attempted. This 
serves to verify the validity of the two scaling methods in the perceptual judgment of 
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hypernasal speech of other speakers’ languages, so that cross-centre collaboration in future 
studies can be facilitated. 
Limitation of current study 
Hypernasality judgment may be influenced by different factors such as articulatory 
error and voice disturbances. In the present study, attempt was made to control for the factor 
of articulatory error by avoiding samples with poor ratings of articulation as much as possible. 
In addition, it was shown that articulatory error was not the main factor which interfered with 
hypernasality judgment (Cheung, 2004). It is possible that different voice parameters in the 
speech samples affected the judgment of hypernasality. Kataoka, Zajac, Mayo, Lutz & 
Warren (2001) concluded that the severity of hypernasality was easy to rate in some speech 
samples and not in others, and voice quality deviation could be a factor that influenced 
perceived hypernasality. In particular, Imatomi (2005) found that breathiness raised slight 
hypernasality and reduced severe hypernasality. In the current study, speech samples were 
selected based mainly on the degree of hypernasality and the factor of voice disturbances was 
not controlled for. As a consequence, hypernasality ratings given by listeners may have been 
affected. Selection of natural speech samples in future studies should take this factor into 
account and avoid samples with voice disturbances such as hoarseness and breathiness. 
Alternatively, synthesised speech samples may be considered. 
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Conclusion and clinical implications 
Concluding the findings of the current study, it is suggested that both direct 
magnitude estimation and visual analogue scaling are valid and reliable as a perceptual means 
of evaluating hypernasality. However, VA scaling is more straightforward as far as data 
collection and analysis is concerned. For clinical use, therefore, VA scaling is preferred to 
DME. 
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APPENDICES 
APPENDIX A 
Written consent form for participants of the study 
 
WRITTEN CONSENT FORM 
 
本人(姓名) 
I (Name) _________________________________________________________________ 
 
現同意參與「利用 DME與 VAS量度鼻音過重之比較」之研究。 
Hereby consent to participate in the study entitled “A comparison between direct magnitude estimation 
and visual analogue scale in the perceptual rating of hypernasality”. 
 
本人明白是項研究之內容，其目的是比較 DME 與 VAS 作為量度鼻音過重的方法。本人亦明白
須完成一個熟習環節和兩個量度環節。 
I understand the content of this study. I understand the primary purpose of this study is to compare 
DME and VAS as a perceptual means of rating hypernasality. I also understand I have to complete one 
familiarisation session and two rating sessions. 
 
本人已有足夠機會詢問清楚有關是項研究之內容。 
I have been given the opportunity to ask questions about this study and they have been answered to my 
satisfaction. 
 
本人現同意參與是項研究，而本人亦保留隨時終止參與是項研究之權利。 
I consent to participate in this study and understand I have the right to withdraw this study at any time. 
 
_______________________________
研究員簽署 Investigator’s signature
_______________________________
參與者簽署 Participant’s signature
_______________________________
研究員姓名 Investigator’s name in block letter
_______________________________
參與者姓名 Participant’s name in block letter
_______________________________
日期 Date
_______________________________
日期 Date
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APPENDIX B 
Speech materials obtained from a database of the University of Wyoming 
We shouldn't play in the street. (7)* 
Playing in the snow is fun. (7) 
Nick's grandmother lives in the city. (9) 
We go swimming on a very hot day. (10) 
Jack likes cheese sandwiches for lunch. (8) 
 
*The number in parenthesis indicates the number of syllables of that sentence. 
 
APPENDIX C 
Instructions for the DME-WM task (adapted from Engen, 1971) 
‘I would like you to estimate the degree of hypernasality of some speech samples. To start with, you 
will need to assign a value to the first stimulus (reference stimulus). 
 
For example, if you give the first stimulus a value of 100, your task is to give other stimuli a value 
proportional to 100. Use any positive numbers you find suitable, but not zero. 
 
The reference stimulus will be replayed after every 5 stimuli during the rating task.’ 
 
APPENDIX D 
Instructions for the VA scaling task (adapted from Engen, 1971) 
‘I would like you to estimate the degree of hypernasality of some speech samples. You will see a 10-
cm scroll bar. The left end of the bar indicates normal resonance (no hypernasality) and the right end 
indicates severe hypernasality. 
 
Your task is to estimate the degree of hypernasality of each of the speech samples in relation to each 
other. You can move the pointer to anywhere along the entire scroll bar.’ 
 
